Introduction
Impairment of blood glucose level in old age is a very common phenomenon worldwide. 1, 2 At the same time, age-associated cognitive decline is another major health issue in old age. 3 Moreover, with the population rapidly aging in China, these health issues could represent a major threat to the public health, in particular, given the increasing notion that altered blood glucose could lead to cognitive impairment in old age, which is also known to be early sign of dementia. 4, 5 Majority of the past studies have centered their focus on the impact of diabetes mellitus (DM) on cognitive decline in old age. However, a large portion of older adults in the community are known to have impaired fasting glucose (IFG) only (ie, with pre-diabetes). 1 To our knowledge, studies investigating the association of IFG and cognitive impairment in the community-dwelling older Chinese population are sparse. Even among those few studies across the globe, results remain controversial. 4, 6, 7 For instance, a study has shown pre-diabetic women to have impaired cognitive performance with greater risk of developing cognitive impairment. 8 While another populationbased cohort study has suggested that DM but not IFG to be associated with a higher decline of cognitive functions. 9 The controversy is possibly due to methodological limitations including low sample size and the lack of diversity of selected participants. Furthermore, since older people with DM and IFG are particularly vulnerable to cognitive impairment, it is even more critical to identify those at high risk and the specific risk factors. Such findings could play an extremely important role to reduce the increasing burden of cognitive decline (including conditions such as dementia) in the Chinese community.
Therefore, we ought to investigate the association between elevated blood glucose level and cognitive impairment in a large representative community-dwelling Chinese older population. The objective of our study was to examine if the cognitive function of the elderly subjects with DM and IFG is worse than that of the elderly with normal blood glucose, and whether these population with elevated blood glucose share common risk factors as normal blood glucose population.
Materials and methods Materials
The data for this article were obtained from the Beijing Longitudinal Study of Aging II study, which was initiated in 2009. 10 A multistage cluster random sampling method was performed to select a representative community cohort. Long-term residents with age ≥55 years in each household were randomly selected from three urban districts and one rural county in Beijing. 11 Total number of elderly people recruited was 10,039 from 11,214 community-living participants. Two follow-up studies were performed in 2010 and 2013. However, the follow-up study in 2013 included only participants living in urban areas. For this current analysis, 9,898 subjects with valid Mini-Mental State Examination (MMSE) and measures for serum glucose scores were included.
This study was conducted in accordance with the Declaration of Helsinki and approved by the Research Ethics Committee of Xuanwu Hospital of the Capital Medical University. All patients provided written informed consent prior to undergoing any study-related procedures.
Methods

Data collection
A well-designed questionnaire and related clinical measurements and information were collected, which included demographic data (eg, age, gender, residence, marriage status, and education level), lifestyle factors (smoking, alcohol consumption, sleep, and exercise), diseases history (stroke, hypertension, DM, hypercholesterolemia, CVD, etc), medications, functional assessments, cognitive function, and blood samples. Fasting blood samples (12-hour overnight) were taken to test fasting blood glucose (FBG), total cholesterol (TCH), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), blood urea nitrogen, serum creatinine (CRE), and serum uric acid (sUA) for all subjects at baseline. All assays were conducted at the Laboratory of Analytical Biochemistry at Xuanwu Hospital, using automatic biochemical analyzer (BioTek Instrument, Inc., Beijing, China). In addition, genomic DNA was extracted from peripheral blood leukocytes via a modified phenol/chloroform extraction procedure. The apolipoprotein E (APOE) genotype was examined using one-stage PCR as described by Wenham et al. 12 The MMSE and Geriatric Depression Scale-15 items (GDS-15) were performed on the day prior to blood testing. Depression was defined as GDS>5. 13 Height, weight, and waist circumference were measured using a standard protocol for subjects during the physical examinations. 
Definitions
The criteria recommended by the Working Group on Obesity in China was incorporated to define obesity and abdominal obesity. 15 Overweight and obesity were defined as BMI 25-28 and ≥28 kg/m 2 , respectively. Smoking status was referred to a current smoking habit of an individual. Hyperuricemia was defined as a serum uric acid (sUA) level >416 μmol/L in men and >356 μmol/L in women. 16 The cutoff for high triglycerides was ≥2.26 mmol/L, for high TCH ≥6.22 mmol/L, for high LDL ≥4.14 mmol/L, and for low HDL <1.04 mmol/L. Subjects with cardiovascular diseases included participants with a history of coronary heart disease, atrial fibrillation, myocardial infarction, angina (self-report or cardiac medications use), or congestive heart failure. Stroke was defined as a history of previously diagnosed stroke by a hospital. Hypertension was defined as systolic blood pressure (SBP) ≥140 mmHg, diastolic blood pressure (DBP) ≥90 mmHg, use of 
Statistical analyses
Comparison of categorical variables among the three groups was performed via chi-squared tests, and Student's t-test and ANOVA was used to compare the means of the groups for continuous variables. The participants were stratified by NG, IFG, and DM, and a multivariate logistic regression model was applied (multivariate analyses) to determine the association of potential risk factors with the presence of cognitive impairment in participants with NG, IFG, and DM. The logistic regression model was adjusted for age, gender, location, lifestyle, marital status, high UA, BMI ≥28 kg/m 2 , alcohol drinking, smoking, APOE ε4 carrier, hypertension, stroke, GDS >5, cardiovascular disease, high TCH, high TG, high LDL, and low HDL. The results are presented as OR and their 95% CI. Two-sided P-value was determined and P<0.05 was considered to be statistically significant. All statistical analyses for this study were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
characteristics of the study sample according to glycemic status
The characteristics of the three groups (NG, IFG, and DM) are shown in Table 1 . The mean age of the participants was the highest among DM subjects (71.21±7.41 years), followed by NG participants (70.35±7.80 years), with the lowest among IFG subjects (69.87±7.86 years). Subjects with DM had the highest percentage of urban living, followed by NG group, and IFG group (82.42%, 77.62%, and 70.74%, respectively). There were no differences in gender, education level, apoEε4 carrier, and LDL cholesterol level between the three groups. Consistent with previous studies, BMI, TG, FBG, obesity, and SBP were higher in IFG and DM groups and so was the prevalence of hypertension and cardiovascular diseases (Table 1) .
Among the 9,898 subjects with valid MMSE scores, 915 (9.14%) were classified as cognitively impaired. The prevalence of cognitive impairment in the participants with NG, IFG, and DM group was 8.85%, 9.39%, and 9.90%, respectively ( Figure 1A ).
Although there was an augmentation trend of cognitive impairment prevalence in those with IFG or DM, it was not statistically significant (P=0.28). However, the mean MMSE scores were significantly different among the three groups (P=0.0008) ( Table 1 ). The MMSE score in DM and IFG group were significantly lower than that in NG group (P=0.01, P=0.02, respectively) and adjusted for age and gender ( Figure 1B ).
The percentage of stroke was the highest among DM subjects, followed by NG participants, with the lowest among IFG subjects (17.07%, 13.61%, and 12.84%, respectively) and so was the percentage of depression (11.70%, 10.37%, and 8.59%, respectively). The highest percentage of hypertension occurred in diabetic subjects, followed by IFG subjects, and then NG group (69.84%, 65.90%, and 57.11%, respectively) ( Figure 2 ).
There was significant difference in the prevalence of cognitive impairment between the three groups for the participants with stroke and hypertension (P=0.038 and P=0.042, respectively). The highest prevalence of cognitive impairment occurred in the IFG group with hypertension or depression. The prevalence of cognitive impairment was the highest in DM group for participants with stroke ( Figure 3 ).
characteristics based on cognitive function
Individuals with cognitive impairment were older in all three groups ( Table 2 ). The percentages of living in urban, being married, and having sleep <6 hours per day were higher in subjects with cognitive impairment compared to subjects with normal cognition in each of the three groups. In the NG and DM groups, individuals with cognitive impairment showed 
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cognitive impairment in impaired fasting glucose and diabetes significant increased prevalence of stroke and depression (GDS>5). The percentage of hypertension was higher in individuals with cognitive impairment in each of the IFG and DM group. In the NG group, participants with cognitive impairment had lower BMI and uric acid (UA), less common in male, more apoEε4 carrier and higher SBP, DBP, FBG and LDL cholesterol ( Table 2) .
The percentage of apoEε4 carrier was found to be higher in participants with cognitive impairment compared to participants with normal cognition only in the NG group (14.58% vs 8.37%, P<0.001). The prevalence of cognitive impairment for apoEε4 carriers or non-carriers was not different between the three groups (P=0.64, P=0.24, respectively) ( Figure 4 ).
Differences in cognitive severity
Cognitive severities measured by MMSE score in each of the NG, IFG, and DM groups are shown in Figure 5 . According to the MMSE score, the participants were defined as having mild (MMSE score: 20-29), moderate (MMSE score: 10-19), or severe (MMSE score: 0-9) cognitive impairment. Most participants in all three groups were at a mild stage. The lowest number of participants had severe symptoms in all three groups. The severity of cognitive impairment was not different among participants with NG, IFG, and DM (P=0.84).
risk factors associated with cognitive impairment
Logistic regression analysis for risk factors associated with cognitive impairment in each of the three groups are shown in Table 3 
Discussion
Diabetes and increased blood glucose level are the common comorbidities of aging, and both aging and diabetes can independently or interactively predispose individuals for cognitive dysfunction. It remains uncertain whether they share the same risk factors, eg, social status, lifestyle, genetics, and comorbidities. Our community-dwelling old population cohort study demonstrated that there was no significant difference in the prevalence of cognitive impairment among the elderly with normal NG, IFG, and DM (8.85%, 9.39%, and 9.90%, respectively), but in the age-and sex-adjusted comparisons, the MMSE scores in subjects with DM and IFG were significantly lower than that in subjects with normal glucose. However, while common risk factors of social status, age, and apoEε4 were associated with cognitive impairment in aging alone, hypertension and stroke were independent risk factors for IFG and DM elderly, respectively.
Most epidemiological studies have shown that diabetes is a risk factor for cognitive impairment. Few studies that investigated the association between "pre-diabetes" status and cognitive function have showed contradictory results, 
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Xiu et al possibly due to different study population and design. 20, 21 In our study, some common risk factors such as age, female, and apoEε4 carrier were associated with cognitive dysfunction only in elderly individuals with normal blood glucose after adjustment. Previous studies have indicated that the presence of the apoEε4 may independently increase risk of Alzheimer's disease and vascular dementia. 22, 43 We observed that there was a worse vascular risk factor profile, including overweight, stroke, and hypertension in IFG and DM subjects. The known relationship between these vascular risk factors Notes: Values are presented as n (%) or mean ± SD. *P<0.05; **P<0.01; ***P<0.001 vs cognitively normal group using χ 2 for categorical variables and unpaired Student's t-tests for continuous variables. Abbreviations: BMi, body mass index; DM, diabetes mellitus; hDl, high-density lipoprotein; iFg, impaired fasting glucose; gDS, geriatric Depression Scale; lDl, lowdensity lipoprotein; MMSe, Mini-Mental State examination; ng, normal fasting plasma glucose.
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cognitive impairment in impaired fasting glucose and diabetes and cognitive decline might interfere with our investigation of the association between apoEε4 carrier and cognitive impairment in subjects with IFG or DM, due to a larger impact of the vascular factors. However, most of the previous articles reported that there is no interaction between borderline diabetes and apoEε4 20 or between diabetes and apoEε4 carriers. 23 This indicates that apoEε4 is far less enough to be recommended as an independent diagnosis predictor for cognitive deficit in the elderly with IFG or DM.
Hypertension was the risk factor for cognitive impairment only in IFG group in our study. Previous studies exploring the relationships between hypertension with cognitive impairment have reported inconsistent results. 24, 25 Longitudinal studies have suggested that high blood pressure in midlife is associated with late-life-related cognitive impairment. 26 Some studies report that low blood pressure values in latelife is associated with an increased risk of dementia. 27 These findings suggest the "U-phenomenon" to characterize the relationship between blood pressure and dementia. 28 Besides as a leading risk factor for stroke, hypertension is thought to be associated with cognitive impairment through atherosclerosis, endothelial dysfunction, and white matter lesions of the brain. 29 Slightly increased blood glucose as in IFG may potentiate hypertension-associated vascular damage leading to higher risk for cognitive deficit. However, reports have shown that the adequate cerebral perfusion that results from high blood pressure may be beneficial for cognitive function. 30 The relationship between hypertension and cognitive impairment is complex, and further well-designed studies are needed to explore specific blood pressure management strategies for different population. In any event, our results suggest that management of blood pressure would be critical for people with IFG in order to prevent development of cognitive dysfunction.
Stroke is a well-known risk factor for dementia. The strong association of post-stroke dementia with multiple strokes indicated the central causal role of stroke itself as opposed to other vascular risk factors. 31 In a systematic review of exploring the excess risk of incident dementia conferred by stroke, a history of stroke was found to confer approximately a doubling of the risk of dementia incidence in the elderly population. This association was not explained by common risk factors such as demographic or cardiovascular risk factors. 32 In our study, stroke was the risk factor for cognitive impairment only in the participants with diabetes. In addition, our study showed that there were more atherosclerotic vascular risk factors in subjects with diabetes. Cerebrovascular disease is the most common mechanism of cognitive impairment or dementia of diabetes because diabetes is strongly related to vasculopathy and cerebrovascular disease. 33 Previous studies showed inconsistent association between depressive symptoms and diabetes-associated cognitive decline. 34, 35 A national population-based cohort study of more than 2.4 million adults showed that depression and diabetes were independently associated with dementia, and the combined effect of both exposures was more than additive. 36 Our findings showed that there was higher prevalence (11.7%) of depression in people with diabetes. The reason may be that depression and DM share common risk factors for cognitive impairment, such as insulin resistance, inflammation, and vascular disease. 37 The results suggest that clinicians should pay more attention to manage stroke and depression when facing the patients with diabetes to prevent cognitive impairment.
Cardiovascular diseases include coronary artery disease (CAD), atrial fibrillation, and chronic heart failure. In most 
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cases, CAD was found to be associated with global cognitive deficits in the older population. 38, 39 However, our study demonstrated that cardiovascular diseases were not independent risk factors for cognitive impairment in all participants after adjusted for cofounders though diabetes could be the cause of cardiovascular diseases. The discrepancies might be mainly associated with the selection bias of the study populations.
In addition, our study showed that the lack of exercise and sleep had direct influence on cognitive impairment. This has been proven in other observational studies in the general population. 40, 41 Thus, a healthy lifestyle with enough exercise and sleep might help to prevent cognitive impairment. Moreover, this study also demonstrated that high UA was the protective factor associated with cognitive impairment in NG group. The explanation could be that UA may reduce oxidative stress and play a protective role against cognitive impairment, 42 which deserves future investigations.
Limitations and strengths
The strengths of this study are the use of the real-world data, as well as population-based design with a large population.
Comprehensive risk factors such as social status, lifestyle, genetics, and comorbidities to cognitive decline were also included in this study. Furthermore, this is the first study to investigate the risk factors for cognitive impairment in the elderly with IFG. However, some limitations of this study are worth mentioning: An oral glucose tolerance test and glycosylated hemoglobin (HbA1c) levels were not performed in the present study. As it is in-practicable for such a large cohort, some participants with postprandial hyperglycemia might have been misclassified. A cross-sectional study can only demonstrate association, but not causation. Future studies in this subject could focus in the limitation of this study.
Conclusion
The current study demonstrated that although MMSE scores in subjects with DM and IFG were significantly lower than that in subjects with normal blood glucose level, they are independently associated with stroke or hypertension, respectively. Focusing on the management of blood pressure for people with IFG and of stroke with diabetes would be equally important for preventing elderly from cognitive deficit. 
